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ABSTRACT 
 
Neuroacanthocytosis (NA) is a group of rare genetic disorders that share similar neurological 
clinical manifestations and the presence of thorny red cells in the peripheral circulation, the 
acanthocytes. The two core NA diseases are Chorea-Acanthocytosis (ChAc) and McLeod 
Syndrome (MLS). Since acanthocytes are an hallmark of NA, studying the mechanisms 
underlying the generation of acanthocytes might shed light on the pathogenesis of NA 
syndromes. Here, we present a set of studies on the signaling mechanisms and structural 
changes in red cells from ChAc and MLS patients.  
In the first study, we evaluated tyrosine phosphorylation of red cells from ChAc patients by 
proteomics analysis. Increased Tyr-phosphorylation state of several membrane proteins 
including band 3, β-spectrin and adducin was found in ChAc RBCs. In particular, band 3 was 
highly phosphorylated on the Tyr-904 residue, a functional target of Lyn, but not on Tyr-8, a 
functional target of Syk. In ChAc RBCs band 3 Tyr-phosphorylation by Lyn was independent 
of the canonical Syk mediated pathway. The ChAc-associated alterations in RBC membrane-
protein organization appear to be the result of increased Tyr-phosphorylation leading to 
altered linkage of band 3 to the junctional complexes involved in anchoring the membrane to 
the cytoskeleton. We propose this altered association between cytoskeleton and membrane 
proteins as a novel mechanism in the generation of acanthocytes in ChAc.  
In the second study, we combined phosphoproteomics datasets on ChAc and MLS with 
network topology analysis to predict signaling sub-networks involved in acanthocyte 
generation. We identified all the interactomic shortest paths linking the two proteins mutated 
in NA syndromes, respectively chorein and XK, to the differentially phosphorylated proteins 
in our proteomics data. Then, we refined the analysis considering only restricted clusters of 
highly interacting signaling proteins which can be involved in acanthocyte formation in both 
diseases. We identified a cluster of 14 kinases that might be related to red cell shape 
alterations and deserve further investigation. 
As preliminary study in the context of an international collaboration we analyzed red cells 
from Neurodegeneration with Brain Iron Accumulation (NBIA) patients and their first degree 
relatives. Our aim was to assess the presence of acanthocytes in these subjects and to study 
their structural characteristics. 
In the last study, we validated a new co-polymer based on acrylamide and polyvinyl alcohol 
bearing olefinic moieties in proteomic analysis of red cells. This new hydrogel is easy to 
handle and its macroporosity makes it suitable for the separation of high molecular weight 
proteins such as chorein. 
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RIASSUNTO 
 
Il termine neuroacantocitosi (NA) raggruppa diverse malattie genetiche rare che condividono 
manifestazioni neurologiche simili e la presenza di globuli rossi stellati nella circolazione 
periferica, gli acantociti. Le due principali malattie classificate come NA sono Corea 
acantocitosi (ChAc) e sindrome di McLeod (MLS). 
Poiché la presenza di acantociti è una caratteristica comune di questi disordini, lo studio dei 
meccanismi alla base della loro formazione può aiutare a comprendere la patogenesi delle 
NA. In questa tesi viene presentata una serie di studi sui meccanismi di signaling e sulle 
modificazioni strutturali di globuli rossi di pazienti di ChAc e MLS. 
Nel primo studio abbiamo analizzato con tecniche di proteomica la fosforilazione in tirosina di 
globuli rossi di pazienti affetti da ChAc . 
Nei globuli rossi di questi pazienti abbiamo riscontrato un aumento della fosforilazione in 
tirosina su diverse proteine di membrana e legate alla membrana tra cui banda 3, β-spectrina 
e adducina. In particolare, la fosforilazione sul residuo Tyr-904 della banda 3, target della 
chinasi Lyn, era molto elevata, mentre sul residuo Tyr-8 della stessa proteina, target della 
chinasi Syk, non abbiamo riscontrato un aumento della fosforilazione. Nei pazienti di ChAc, 
la fosforilazione della banda 3 da parte di Lyn è indipendente dal meccanismo canonico di 
fosforilazione sequenziale mediato da Syk. 
Le alterazioni dell’organizzazione delle proteine di membrana correlate con ChAc sembrano 
quindi essere il risultato di un aumento della fosforilazione in tirosina che porta a 
cambiamenti nel legame della banda 3 con i ponti multiproteici tra la membrana e il 
citoscheletro. Proponiamo quindi quest’alterazione nell’associazione tra membrana e 
citoscheletro mediata da fosforilazione in tirosina come un nuovo meccanismo che porta alla 
formazione di acantociti in ChAc. 
Nel secondo studio abbiamo combinato i nostri set di dati fosfo-proteomici su eritrociti di 
pazienti di ChAc e MLS con l’analisi topologica di network proteici per predirre quali sub-
network della trasduzione del segnale possano essere coinvolti nella formazione degli 
acantociti. 
Abbiamo identificato tutte le interazioni che legano le due proteine mutate nelle due patologie 
in esame (rispettivamente coreina e XK) con le proteine differenzialmente fosforilate dei 
nostri dati sperimentali. Quindi, abbiamo analizzato nello specifico solo cluster di proteine 
coinvolte nella trasduzione del segnale che interagiscono molto strettamente tra loro e che 
possono essere coinvolte nella formazione di acantociti in entrambe le patologie. Abbiamo 
identificato un cluster di 14 chinasi che possono essere coinvolte in tale processo e meritano 
ulteriori approfondimenti. 
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Come studio preliminare nel contesto di una collaborazione internazionale abbiamo 
analizzato globuli rossi da pazienti affetti da Neurodegenerazione con Accumulo di Ferro nel 
Cervello (NBIA) e di loro parenti di primo grado. Il nostro scopo era quello di determinare se 
fossero presenti acantociti nei pazienti e nei soggetti correlati ma privi di sintomi clinici e di 
studiare le caratteristi che strutturali dei loro eritrociti. 
Nell’ultimo studio abbiamo validato con l’applicazione a tecniche di analisi proteomica un 
nuovo copolimero basato su acrilamide e polivinil alcool modificato con gruppi olefinici. 
Questo nuovo idrogel è semplice da maneggiare anche a basse concentrazioni e la sua 
macroporosità lo rende particolarmente adatto alla separazione di proteine ad alto peso 
molecolare quale la coreina. 
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INTRODUCTION 
 
Red blood cell shape and membrane organization 
Red blood cell main function of exchanging carbon dioxide with oxygen and bringing it 
throughout the human body via blood vessels claims for a very efficient structure of this 
peculiar cell. The discoidal shape of the erythrocyte maximizes the surface to volume ratio to 
increase the oxygen rate exchange [1]. Red cell plasma membrane plasticity and its 
viscoelastic properties make it possible for these cells to pass through the microcapillaries in 
peripheral circulation, turning back to the discoidal shape right after deformation, several 
times per minute during their whole lifespan (120 days ca). 
The maintenance of an optimal red cell surface to volume ratio and membrane stability in 
response to either  mechanical or osmotic stress is assured by the functional cross-talk 
between the lipid bilayer, the integral membrane proteins and the peripheral proteins. In this 
system are involved (i) integral membrane proteins such as band 3 that spanning through the 
membrane, support the lipid bilayer and participate to the membrane anchoring to the 
cytoskeletal network; (ii) the ion transport systems: exchangers and channels involved in red 
cell volume regulation and (iii) the peripheral proteins as α- and β-spectrin.  
Two major multiprotein complexes bridge the red cell membrane, via band 3 dimers or 
tetramers, with the cytoskeleton network: the 4.1 or junctional complex and the ankyrin 
complex [2]. The deformability of red cells during their life-span in the peripheral circulation is 
related to the maintenance of the asymmetric membrane lipid bilayer, an optimal lipid-protein 
cross-talk  and the rearrangement of the cytoskeleton. 
The main component of red cell cytoskeleton are spectrins. Spectrins are high molecular 
weight proteins (250kDa ca), that form heterodimers which connect to each other by head-to-
head interaction to generate linear tetramers. Such tetramers are organized in hexagons by 
tail interaction with short actin filaments, resulting in a highly elastic bidimensional lettice [3]. 
Band 3 has multiple functions in red cells such as bicarbonate/chloride exchange, docking 
site for glycolytic enzymes such as aldolase or GAPDH, thereby regulating ATP production, 
and docking of antioxidant/chaperone proteins such as Prx-2 [4]. 
Most studies on red cell membrane organization and function have been carried out on 
hereditary red cell membrane disorders involving protein(s) from the multiprotein bridges or 
from the cytoskeleton [5][6]. Progresses in the knowledge of red cell membrane-cytoskeleton 
dynamic interactions have been also made after the development of mouse models lacking 
specific proteins of red cell membrane [7].  
Recent studies have suggested that changes in membrane protein phosphorylation state 
plays an important role in the modulation of red cell membrane protein-protein functional 
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cross-talk and in the stability of multi-protein structures affecting red cell membrane 
mechanical properties and, in some cases, red cell morphology [8, 9] 
Changes in the phosphorylation state of either tyrosine (Tyr) or serine/threonine (Ser/Thr) 
residues on band 4.1 [10-12], ankyrin [13], band 3 [8] and spectrins [14], have been reported 
to affect protein structure or protein stability, which in turn modifies protein-protein interaction 
in the complex and dynamic organization of red cell membrane-cytoskeleton network.  
Abnormal Tyr-phosphorylation profiles of red cell membrane proteins have been observed in 
inherited red cell disorders such as sickle cell disease [15], spherocytosis, stomatocytosis or 
G6PD deficiency [16] as well as in malaria infected red cells [17], suggesting a key role of 
phosphorylation events in red cell homeostasis.  
Among red cell membrane proteins, band 3 is the most studied since it is the most abundant 
integral membrane protein and is characterized by several phosphorylable sites.  
Tyr-phosphorylation state of band 3, much more than its Ser/Thr phosphorylation state, 
seems to affect red cell morphology since higher levels of band 3 Tyr-phosphorylation 
correlate with the appearance of crenated cells [18]. The process of Tyr-phosphorylation of 
band 3 is tightly regulated, is elicited by volume decrease and Ca2+ loading, and involves 
two Tyr-kinases: Syk and the Src family kinase Lyn, which are balanced by phosphatases 
PTP1B and SHPTP-2 action through a still partially known mechanism [19, 20].  
Namely, activated Syk phosphorylates band 3 at the N-terminus (residues 8 and 21) 
generating an SH-2 domain docking site for Lyn that subsequently phosphorylates band 3 
between the cytoplasmic and membrane domain (residue 359) and at the C-terminus 
(residue 904). Native dephosphorylated status is then restored by phosphatases recruited to 
the membrane [21]. In red cells from healthy subjects Tyr-phosphorylation of band 3 
increases with red cell aging, possibly due to lack of phosphatase activity or to oxidative 
damage related to cell senescence [20]. 
 
Neuroacanthocytosis syndromes 
Neuroacanthocytosis (NA) denotes a group of rare genetic diseases that share similar 
neurological symptoms (including choreic movements, dyskinesia, dystonia, dysphagia,   
dysarthria, areflexia, seizures and cognitive impairment) due to basal ganglia degeneration 
and presence, in variable percentage, of spiculated erythrocytes in the peripheral circulation, 
known as acanthocytes [22, 23].  
The two main diseases classified as NA are Chorea-Acanthocytosis (ChAc) and McLeod 
Syndrome (MLS). In the past few years other diseases have been added to the NA 
syndromes group [24]:  (a) Huntington Disease Like 2 (HDL-2) caused by the expansion of a 
trinucleotide in the jph3 gene, coding for Junctophilin 3 and (b) abetalipoproteinemia (ABL), 
characterized by the absence  of  plasma  betalipoproteins, due to mutations in the MTP 
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gene coding for  microsomal triglyceride transfer  protein.  Finally, another hereditary 
neurodegenerative disease characterized by the presence of acanthocytes in peripheral 
blood and basal ganglia degeneration, is Pantothenate Kinase Associated 
Neurodegeneration (PKAN), that is caused by mutations in the pank2 gene coding for 
Pantothenate Kinase 2. Recently PKAN has been classified among the Neurodegeneration 
with Brain Iron Accumulation (NBIA) syndromes due to the characteristic accumulation of 
iron in the globus pallidus [25]. 
ChAc is a typically autosomal recessive disease caused by mutations on the VPS13A gene 
coding for chorein [26], a high molecular weight protein which possible function has been 
extrapolated by similarities with other organisms: the yeast Vps13p and the Dictyostelium 
discoideum TipC proteins  [27]. In yeast, the Vps13p protein is involved in protein trafficking 
of various transmembrane proteins in particular in the recruitment of  three membrane 
proteins to the trans-Golgi network (TGN): Kex2p, a Golgi-endoprotease, Ste13p, a 
dipeptidyl aminopeptidase  and Vps10p, a cargo-sorting receptor, which delivers the cargo 
enzymes to the prevacuolar compartment (PCV) that is similar to human late endosome [28-
31]. In ChAc patients several mutations including frameshifts, nonsense, splice-site, 
missense mutations and deletion of whole exons, resulting in low or absent synthesis of 
chorein or normal expression of a functionally defective protein have been reported [32-34]. 
Chorein has been shown to be expressed in mature red cells and to be partially or 
completely absent in red cells from patients with ChAc. Chorein detection by a polyclonal 
antibody has been proposed as fast molecular diagnosis of chorea acanthocytosis [35] 
together with the genetic analysis of the VPS13A locus.  
The neurological clinical presentation of ChAc is in young adult but may also occur at 
younger ages, increased serum creatine kinase may precede the neurological symptoms, 
and sometimes is associated with hepatosplenomegaly and, more rarely, with cardiac 
myopathies  [36-39] 
MLS is a recessive, X-linked disease due to mutations in the xk gene coding for XK protein, a 
membrane protein predicted to have 10 transmembrane domains and the structural 
characteristics of a membrane transport of still unknown role [40]. The XK protein is 
covalently linked to Kell glycoprotein by a single disulphide bond forming a membrane 
protein complex part of the junctional complex anchoring the membrane to the cytoskeleton 
[41-43]. Analysis of the expression of Kell and XK on the membrane is used for diagnosis, 
while the molecular genetic testing of the xk locus is available only on a research basis. The 
absence of the red cell XK protein and the reduction of Kell antigens are associated with the 
presence of acanthocytes and compensated hemolytic anemia. Clinical features of MLS 
include late onset (between the fourth and sixth decade of life), myopathy and 
cardiomyopathy [44]. 
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Acanthocytes in Neuroacanthocytosis 
Although the molecular defects underlying NA have been described and partially 
characterized,  to  date,  the  mechanism  of  generation  of  acanthocytes  and  the  way 
they are related to neurodegenerative clinical manifestations remains still unclear. 
A study based on electron microscopy showed that both for MLS and ChAc acanthocytes the 
distribution of cytoskeletal structures is irregular as compared to normal red cells and is 
characterized by condensation of filamentous structures around the base of protrusions and 
only small amounts of spectrin based structures in inward bent areas [45]. 
Since in NA no abnormalities in the abundance of membrane or membrane associated 
proteins have been reported, it is likely that the processes leading to acanthocyte formation 
are connected to alteration of red cell membrane protein structure and/or function, possibly 
involving the stability of multiprotein complexes bridging the membrane to the cytoskeleton 
network.  
In one case of ChAc increased membrane serine-threonine phosphorylation levels mainly of 
band 3 and spectrin, increased levels of band 3 tyrosine phosphorylation and increased 
casein-kinase membrane activity have been described [46].  
The observation of an increased amount of Nε (γ-glutamyl)-lysine isopeptide cross-links, a 
product of tissue transglutaminase, in red cells from some patients, is also suggesting the 
presence of a perturbation of the anchoring bridges [47]. Transglutaminase 2 catalyzes the 
organization of a protein multicomplex cross-linked  by the Nε (γ-glutamyl) lysine isopeptide. 
The main protein involved is band 3 through its Gln-30 residue, together with bridging 
proteins as ankyrin and band 4.1 and with  cytoskeleton proteins such as spectrins [48, 49]. 
The how and why of the combination of neuronal degeneration in the basal ganglia with the 
formation of acanthocytes in patients with various neuroacanthocytosis syndromes is still far 
from being fully understood. Further studies need to be carried out to understand the events 
involved in the pathogenesis of NA syndromes. In view of the specific and characteristic 
association of acanthocytosis with neurodegeneration, red cells, constitute an interesting 
research target.  
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PRELIMINARY STUDY ON ERYTHROCYTES FROM PATIENTS WITH 
NEURODEGENERATION WITH BRAIN IRON ACCUMULATION 
(NBIA) 
 
In the context of an international collaboration on NA syndromes we have analysed red cells 
from Turkish patients and their first grade relatives. Based on neurological clinical 
manifestations and image analysis these patients have been diagnosed of 
Neurodegeneration with Brain Iron Accumulation without identification of molecular defects. 
To our knowledge this is the first time that an analysis of red cells from patients affected by 
this rare disease together with their relatives has been carried out. The family tree for patient 
A3 and O3 is shown below. 
 
 
 
 
 
 
 
 
Fig. 1 Family trees for patients A3 and O3. Age at time of analysis is indicated. 
 
We first evaluated whether acanthocytes might be present in patients' relatives in absence of 
neurological manifestations.  
 
Fig. 2 Red cell morphology in samples from family O, A and controls, data are presented as percentage of total 
red cells. Controls 1 and 2 have been shipped with patients’ samples. A3 and O3 are the two patients; O1/A1 and 
O2/A2 are respectively fathers and mothers of the patients; A4, A5, A6 are unaffected siblings. 
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We analysed red cell morphology by phase contrast microscopy. We divided red cells into 
the following populations: discocytes, echinocytes and acanthocytes. Echinocyte population 
includes cells with very different shapes going from slightly crenated cells to sphero-
echinocyes, for the sake of simplicity we did not further classify such cells. 
As shown in Fig. 2, patient O3 and his family did not present acanthocytes and the amount of 
echinocytes was comparable to that observed control samples. However, the percentage of 
echinocyte was slightly higher in patient sample compared to his parents. 
Samples from family A differed from those of family O. Patient (A3) showed more than 80% 
abnormally shaped red cells, with ~5% acanthocytes. The mother (A2) and two siblings (A5 
and A6) showed some acanthocytes as well as high numbers of echinocytes. Of note that 
the samples with higher values of echinocytes, that are nowadays considered artifactual cells 
due to manipulation of the samples, were also the ones showing acanthocytes. . 
We then studied red cells from these patients by immunofluorescence assay with confocal 
microscopy to quantitate total internal fluorescence after staining with specific antibodies 
against the integral membrane protein band 3, the cytoskeleton component β-spectrin and 
the membrane associated protein stomatin. 
We fixed and permeabilized cells as previously reported by Matte et al. [50]. We stained 
control cells with a rabbit polyclonal antibody against band 3 membrane domain (K2N6B). 
These cells were mixed with red cells from all samples which were probed with either mouse 
antibodies against band 3 cytoplasmic domain (B3-136, Sigma-Aldrich, St. Louis, USA), β-
spectrin (4C3, Acris, Herford, Germany) or stomatin (GARP-50, kindly provided by Prof. R. 
Prohaska). After reaction with Alexa 633 anti-rabbit and Alexa 488 anti-mouse, we mounted 
red cells on poly-L-lysine coated coverslips and took Z-stacks of the appropriate thickness 
with a Leica TCS SP5 II confocal microscope (63x, 1.2 NA objective, Leica Microsystems, 
Wetzlar, Germany).  
 
A     B              C 
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Band 3 
 
 
 
 
 
 
 
 
 
 
Beta Spectrin 
 
 
 
 
 
 
 
 
Stomatin 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Confocal images of red cells from patient O3 (A), A3 (B) and healthy Control (C). Staining has been carried 
out as described in the text. All images have been taken with the same settings and magnification. 
 
Z-stacks were post-processed with ImageJ (version 1.45, NIH, Bethesda, USA) to quantify 
total internal fluorescence for each cell. Total internal fluorescence for band 3 membrane 
domain was used as an internal control to correct data values grouped by cell shape. 
We designed the experiments to avoid artifacts due to slide-to-slide variations and detection 
fluctuations, allowing us to discriminate red cells by shape. The major limitations of this 
42 
 
approach are the low throughput of confocal microscopy and the time-consuming post-
processing of the images. Although we analysed several microscopic fields using this 
strategy, we could not obtain enough data to carry out statistical analysis for all the different 
groups. Since all the cells in a single sample share the same genetic background, we 
compared total red cell population for each sample with the two controls. 
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   C 
 
Fig. 4 Confocal microscopy quantitation of (A) Band 3, (B) β-Spectrin and (C) Stomatin. 
Mean fluorescence intensity per cell, percentage of control ± SE; ANOVA and Tukey’s test. * 
p<0.05. 
 
Interestingly band 3 fluorescence for patient A3 resulted significantly higher than control, 
whereas band 3 fluorescence was significantly lower in patient O3 and samples A1 and A5 
compared to controls. We did not find any correlation between abnormal red cell shape and 
band 3 fluorescence levels. Otherwise, we found that β-spectrin fluorescence was 
significantly lower in all samples from the two families compared to normal controls. Stomatin 
fluorescence was significantly higher in all the analyzed samples compared to controls. 
In order to discriminate whether the differences in protein fluorescence might be related to 
either differences in the amount of protein or in the accessibility of protein epitope to specific 
antibodies in fixed red cells, we carried out immuno-blot analysis of patients' and relatives’ 
red cells compared to controls. No major differences in either band 3 or beta spectrin amount 
were present. Thus, the differences in protein fluorescence detected by confocal microscopy 
might be related to conformational changes/epitope availability of these proteins more than 
differences in protein abundance. It is of interest to note that we found differences in the 
degradation pattern of band 3 in patients red cells, which were not possible to correlate with 
the disease or the family lineage. 
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Fig. 5 Immunoblot analysis with specific antibodies against respectively band 3 (B3-136), β-spectrin (4C3), 
stomatin (GARP-50). Actin was used as loading control (A-2066, Sigma-Aldrich, St. Louis, USA). Proteins were 
quantified by Biorad Protein Assay (Biorad, Hercules, USA), solubilized with Laemmli Buffer and 5 or 10 µg for 
each lane were loaded. 
 
These preliminary data on NBIA patients and their families suggest that perturbation of 
membrane organization is not only limited to the homozygous state, but it is also present in a 
different grade in the carriers. The immunofluoresence data combined with the evidences 
that there are not significant differences in the abundance of band 3 and β-spectrin in 
patients red cells compared to controls, suggest that possible changes in protein epitope 
accessibility to specific antibodies might sustain this discrepancy.  
Future studies will be designed to further characterize red cells from NBIA patients also in 
the view of our recently reported data on different tyrosine-phosphorylation state of red cell 
membrane proteins from patients with Chorea-Acanthocytosis and McLeod Syndrome.  
Proper genetic analysis of the patients studied will be also carried out in order to better 
understand the genotype-phenotype connection in red cells from NBIA patients.  
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ABSTRACT 
The analysis of high molecular weight (HMW) proteins from complex mixtures is still  a 
challenge in proteomic investigations. Here, we developed a novel hydrogel for 
electrophoretic separation of HMW proteins. The new sieving matrix is formed by 
copolymerization of polyvinyl alcohol bearing olefinic moieties (allyl PVA) with acrylamide 
and bisacrylamide. By inducing gelation of polyacrylamide in the presence of variable 
amounts of allyl PVA polymer, it is possible to control and vary the average gel porosity. This 
gel is easy to produce and handle and offers the advantage of being highly mechanically 
resistant and macroporous. The new matrix was tested in mono- and bi-dimensional gels for 
separating complex mixture of proteins from red cell membranes extracted with different 
detergents. New proteins, separated within this matrix, were identified both by mass 
spectrometry and immunoblot analysis using specific antibodies. 
Resolution of oxidized red cell membranes, which was limited in standard polyacrylamide 
gels, was greatly improved by the new allyl PVA based gels allowing a better separation of 
proteins ranging in size between 97 and 279 kDa. These data indicate the allyl-PVA new 
matrix as novel feasible tool in routine application for analysis of HMW proteins in cell 
biology. 
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1. INTRODUCTION 
The analysis of high molecular size proteins is still only partially covered by the 
methodological strategies presently available in proteomics as demonstrated by the small 
number of studies on high molecular weight (HMW) proteins in various cell models [1-3]. 
In the past 20 years there have been many attempts to optimize the composition of protein 
sieving matrices to improve the electrophoretic resolution of high molecular weight proteins 
using classical polyacrylamide or agarose and agarose related polymers [1-4]. 
Although polyacrylamide pore size can be increased by varying bisacrylamide concentration, 
this is not the best approach  for separating HMW proteins [5, 6]. Agarose and related 
polymers have shown some advantages over polyacrylamide in the resolution of HMW 
proteins such as myosin heavy chains (200 kDa), dystrophin (400 kDa), tyroglobulin (330 
kDa), spectrins (250 kDa) or von Willebrand factor [3, 7-10]. However, agarose and related 
polymers have some major limitations in routine application such as the equilibrium 
condition, the mechanical stability, the long working time of the procedure. In a previous work 
we have synthesized and characterized covalently cross-linked, mixed-bed agarose-
polyacrylamide gels for electrophoresis formed by copolymerization of allyl modified agarose 
with acrylamide [3]. The cross linking mechanism enabled the formation of gels with higher 
porosity and elasticity. However, being weekly cross-linked, these gels tend to considerably 
overswell in buffer and, as a consequence, their application as SDS-sieving matrices is 
limited.  
This work reports on the development of a hydrogel for electrophoretic separation of high 
molecular weight proteins characterized by high mechanical stability, optimal swelling 
properties and soft rubberlike behavior. This hydrogel is formed by a combination of polyvinyl 
alcohol, bearing olefinic moieties, physically entangled and covalently cross-linked with 
polyacrylamide and bisacrylamide (BIS) which reinforces the cross-linking of the two 
polymers thus strengthening its mechanical strength. 
This new gel was applied to the study of HMW proteins from red cells. The resolution of  high 
molecular weight proteins, separated by mono and bi-dimensional gel electrophoresis using 
different strategy to extract proteins from red cells, was the parameter considered in this 
study. The new hydrogel is an excellent and easy to handle matrix to study HMW proteins, 
suitable for application in classical proteomic techniques such as tryptic digestion, peptide 
extraction and identification or immunoblot analysis with specific antibodies. 
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2 MATERIALS AND METHODS 
2.1 Chemicals 
NaCl, KCl, Na 2 HPO 4 , Na 3 VO 4 , KH 2 PO 4 , MgCl 2 , NH 4 HCO 3, MOPS, TRIS, 
choline chloride, benzamidine, β -mercaptoethanol, glycine, bromphenol blue, trypsin, 
sodium dodecyl sulfate (SDS), 6-cyclohexylhexyl β-D-maltoside (Cymal-6), Nonylphenol 
ethoxylate (Tergitol type NP40) and glycerol were purchased from Sigma/Aldrich (St Louis, 
MO, USA); urea, thiourea, dithiotreithol (DTT), iodoacetamide, tri-n-butylphosphate, 
trifluoroacetic acid and α -cyano-4-hydroxy cynnamic acid were from Fluka (Buchs, 
Switzerland); CHAPS and low melting (LM) agarose were from USB (Cleveland, OH, USA); 
acetone, methanol, and acetonitrile were from Baker (Deventer, The Netherlands); protease 
inhibitor cocktail tablets were from Roche (Basel, Switzerland); Immobiline DryStrip 7 cm pH 
4-7 gels, IPG buffer pH 3-10, Triton X-100, ECL-Plus, Percoll were purchased from GE 
Healthcare (Little Chalfont, UK); 40% Acrylamide/Bis Solution, 37.5:1 was from BIO-RAD 
(Hercules, CA, USA); Immobilon Western Chemiluminescent HRP Substrate was from 
Millipore (Billerica, MA, USA). 
 
2.2 Synthesis of Allyl Polyvinyl Alcohol (Allyl PVA) 
Three grams of PVA, 99% hydrolized, with a Mw ranging from 89000-98000 Da, were 
dissolved in 70 mL of water at boiling temperature. To the solution, cooled at room 
temperature, 30 mL of 1M NaOH solution are added, followed by the addition of 66 mg of 
sodium borohydride and of 3.2 mL of allylglycidyl ether (Figure 1A). The reaction was stirred 
overnight at room temperature. The solution was then diluted 1:1 with milliQ water and 
neutralized with 1 N hydrochloric acid; finally it was dialyzed against water and freeze-dried 
to recover the polymer. 
 
2.3 Gel preparation 
An allyl PVA stock solution (5% w/v) was prepared by dissolving the polymer powder in water 
at boiling temperature; the stock solution was diluted to a final concentration of 1% with a 
solution of PAAA/BIS, (7% T, 0.5% C in 375 mM Tris, pH 8.9, 0.1% SDS). TEMED (0.05% 
w/v) and APS (0.015% w/v) were added to initiate the polymerization. Polyacrylamide control 
gel (PA) ( 7% T, 2.6% C) was cast using a classical procedure [3, 11-14]. In both gels  
monomer solutions were polymerized for 2h at room temperature before overlaying the 
stacking gel (3% T, 1.3% C in 0.125 M Tris-HCl buffer, pH 6.8). 
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2.4 Red cell membranes preparation 
Whole blood was centrifuged at 2,500 g at 4°C in order to remove plasma, filtered through 
cotton to remove white cells, and rinsed three times with choline washing solution (CWS: 150 
mM choline, 1 mM MgCl 2 , 10 mM Tris-MOPS pH 7.4 at 4°C). Packed red cells were lysed 
in ice cold phosphate lysis buffer (LB: 5 mM Na 2 HPO 4 pH 8.0, containing: protease 
inhibitor cocktail tablets, 3 mM benzamidine, 1 mM Na 3 VO 4 ) [13, 14]. Red cell ghosts 
were washed several times in LB to obtain white membranes and used for mono and bi-
dimensional electrophoresis. The use of human samples was approved by the Ethical 
Committee of Verona University and the informed consent of all healthy participating subjects 
was obtained. 
 
2.5 Mono- and bi-dimensional analysis 
Monodimensional electrophoresis (1DE). Red cell ghosts were solubilized in the standard 
sample buffer (SB: 50 mM Tris, pH 6.8, 2% SDS, 10% glycerol, 100 mM β-mercaptoethanol, 
few grains of bromophenol blue) either alone or with different detergents and chaotropes 
(see Results section 3.2 and Figure 1B). The solubilized proteins were then separated by 
mono-dimensional electrophoresis using a Mini-Protean II dual slab gel cell (BIO-RAD), 7 cm 
long, 5.5-6.5 cm wide 1.5 mm thick. 
Gels were either stained with Colloidal Coomassie or transferred to nitrocellulose 
membranes for immuno-blot analysis with specific antibody against β-spectrin (Acris, Herford 
Germany) as previously described [14]. 
Bi-dimensional electrophoresis (2DE). Red cell ghosts were solubilized using different 
protocols as reported in Table 1, starting from the standard solubilization method (protocol 
A1) for 2DE of RBC membrane ghosts [11, 14]. Samples underwent to a delipidization step 
as previously described [11, 14]. The delipidized samples were then dried under nitrogen 
flow and solubilized by vigorous shacking in 40 mM TRIS/HCl pH 8.8 buffer containing 7M 
urea, 2M thiourea, 2.7% IPG buffer, 3% Cymal-6, 1% DTT for 8 h at 25°C. 
IPG strips were passively rehydrated overnight at 20°C with the solubilized samples; 
focusing was carried out on Ettan IPGphor II (GE Healthcare, Little Chalfont, UK). The 
isoelectrofocusing (IEF) in pH 4-7 strips (7 cm) was 50V for 3h, 100V for 3h, 200V for 3h, 
500V for 2h, 1000V for 2h, 3000V for 2h and 4500V to reach a total of 32000V/h; while in 
non-linear pH 3-10 strips (13 cm) the IEF was 50V 3h, 100V 3 h, 300V 3 h, 1000V 2 h, 
2000V 2 h, 4500V to reach a total of 60000V/h. After focusing, both types of IPG strips were 
reduced using 50 mM TRIS/HCl pH 8.8, 6 M urea, 30% v/v glycerol, 2% SDS, 1% DTT for 15 
min at 30°C and then alkylated with 2.5% iodoacetamide dissolved in 50 mM TRIS/HCl pH 
8.8, 6 M urea, 30% v/v glycerol, 2% SDS, for 15 min. This two reactions were carried out 
both, at room temperature and at 30°C. 
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Strips were included in 0.5% agarose stacking gel on second dimension gels for 
electrophoresis whic was carried out as stated in Materials and methods section 2.4 for the 
pH 4-7 (7 cm) strips, while we used the HoeferSE 600 Ruby (Amersham) gel cell apparatus 
for the 13 cm gels ( 18 cm wide and 0.75 mm thick). Proteins were visualized by double 
staining procedure: first colloidal Comassie then silver staining  [11, 14]. 
 
2.6 Image analysis and protein identification 
1DE gels underwent image analysis using Quantity One (BIO-RAD, Hercules, CA, USA) 
while 2DE gels were analyzed using both ImageJ (NIH, USA) and 2D-Platinum software 
(version 5.0 Amersham-Bioscience). Bands (see numbered bands in Figure 1B, lane 4) were 
excised from the colloidal Coomassie stained gels for mass spectrometry and were 
destained in DS (50% Acetonitrile, 5 mM NH 4 HCO 3 ), dehydrated in 100% Acetonitrile and 
digested overnight at 37°C with 20 µ l of trypsin solution (0.01 mg/ml trypsin, 5 mM NH 4 
HCO 3 ) [11, 14]. Mass spectrometry was performed using a Tofspec SE (Micromass, 
Manchester, UK) equipped with a delayed extraction unit.  for mass spectrometry analysis 
and were destained in DS (50% Acetonitrile, 5 mM NH 4 HCO 3 ), dehydrated in 100% 
Acetonitrile and digested overnight at 37°C using 20 µ l of trypsin solution (0.01 mg/ml 
trypsin, 5 mM NH 4 HCO 3 ) [11, 14]. Peptide desorption was achieved using a laser 
wavelength of 337 nm, and mass spectra were obtained in the reflectron mode in the mass 
range 800-4000 Da. Peptide solutions were mixed 1:1 v/v with a saturated alpha-cyano-4 
hydroxycinnamic acid solution containing 40% acetonitrile and 0.1% trifluoroacetic acid (v/v). 
External calibration was performed using fragment ions from standard peptides: 
adrenocorticotropic hormone 18-39 and angiotensin I. Each mass spectrum was generated 
by accumulating data from 100-120 laser pulses. Database searches of peptide masses 
were performed using the search program “Mascot, Peptide Mass Fingerprint” (available at 
http://www.matrixscience.com) using the following search criteria: taxa Homo sapiens protein 
molecular mass range from 10 to 300 kDa, trypsin digest, monoisotopic peptide masses, one 
missed cleavage by trypsin and a mass deviation of 100 ppm allowed in the NCBI database 
searches [11, 12, 14]. 
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3 RESULTS AND DISCUSSION 
3.1 Polyvinyl alcohol Polyacrylamide gel 
The pore size of a polyacrylamide gel is determined by the total amount of acrylamide and 
cross-linker: the lower the total monomer and cross-linker concentration, the higher the pore 
size is. However, gels with low cross linking density are soft and prone to change their 
swelling degree. By inducing gelation of polyacrylamide in the presence of variable amounts 
of a pre-formed polymer, it is possible to control the average gel porosity and to vary its pore 
size in a wide range. Righetti et al. have exploited this concept to produce “macroporous” 
gels back in 1995 [15]. According to their view, if constraints to chain motion are imposed 
during gel polymerization, large pores are formed. It was suggested that the presence of 
preformed polymers in the gelling solution forces the growing chains to “laterally aggregate” 
via inter-chain hydrogen bond formation. Upon consumption of pendant double bonds, such 
bundles chains are frozen in the three-dimensional space by permanent cross-links. 
In a previous work, we suggested that polymerization of linear acrylamide in the presence of 
acryl modified agarose induces formation of a macroporous gel due to combination of 
hydrogen bonds between agarose chains and cross-linking of acrylamide through a 
macromolecular cross-linker. The gel obtained was successfully used in two dimensional 
electrophoresis to separate large proteins. However, several drawbacks have hampered its 
widespread use: first of all, the agarose/polyacrylamide mixed bed must be cast above 
agarose gelling temperature to prevent gelation. In addition the absence of bisacrylamide 
leads to significant changes in gel swelling during staining and post processing. In an effort 
to overcome such drawbacks, a new system is here proposed, based on the 
copolymerization of acrylamide with an allyl derivatized polyvinyl alcohol macromonomer in 
the presence of bisacrylamide. Each macromonomer bears a number of allyl groups pending 
from the backbone. It is sufficient that, at least, one of them reacts with acrylamide to 
promote the covalent binding of the two polymers. This new gel, comprising void regions  
separated by highly cross-linked chains, is easy to produce and handle and offers the 
advantage of being highly mechanically resistant and macroporous. Its unique structure 
results from physical entanglement of the two  polymer networks stabilized by the covalent 
cross-linking.  In fact, the insertion of allyl moieties pending from PVA to the growing chains 
of polyacrylamide together with inter-chain hydrogen bonds established immediately before 
and during acrylamide gelation is responsible for the formation of thicker gel fibers. This 
mechanism of chain aggregation makes the gel pore size insensitive to temperature and 
urea, allowing the use of the system in a broader range of conditions. 
 
3.2 Monodimensional electrophoresis: high molecular weight protein resolution and 
identification from red cell membrane 
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In order to evaluate the performance of the new matrix, red cells were used as a model since 
their membrane organization is well known and has been previously used as a reference 
system in the development of protein separation strategies [16, 17]. Figure 1B shows a 
typical separation of red cell membranes in the PA gel (10%T- 2.6% C, left panel) compared 
to that obtained in allyl PVA copolymer gel (1% PVA-7% T-0.5% C, right panel).  
PA and allyl PVA gels were run side by side and analyzed to detect the resolved bands. In 
allyl PVA gels, proteins located between 97 and 240 kDa displayed higher mobility and better 
resolution. In particular, allyl PVA provided an higher number of bands for proteins with Mw 
from 160 to 240 kDa, or higher than  240 kDa. The increased pore size in allyl PVA gels 
allowed to improve the separation of the HMW proteins while maintaining acceptable 
handling properties. 
Since previous studies have shown that a treatment with the nonionic detergent Triton-X100 
favored the separation between membrane proteins and cytoskeleton network (formed by the 
α-β spectrins and actins) [18], additional detergents were added to the sample buffer to 
solubilize red cell membrane ghosts before separation by mono-dimensional electrophoresis. 
Several nonionic detergents were tested such as Triton X-100, NP40 as well as glycol-based 
detergents (Brji-56 and -96 detergents) [17, 19-23]. 
The best results in terms of resolution, in particular for proteins with molecular weight 
between 240 and 160 kDa (Figure 1B, C), were obtained with a combination of Triton-X100 
(1%) with Cymal-6 (1%), a glycosidic detergent. It’s possible that this detergent formulation 
leads to optimal denaturation of HMW proteins, avoiding possible sticking that could occur 
while exposing hydrophobic surfaces during unfolding of proteins. 
The possible synergic effect of detergents and chaotropes to facilitate HMW protein unfolding 
was also evaluated. However,  addition of 2M or 8 M urea to the Triton-X100 (1%) Cymal-6 
(1%) solubilization buffer, did not significantly modify mobility and resolution (Figure 1B, C), 
thus indicating that a complete denaturation was already obtained in the presence of 
detergents. 
After electrophoresis, proteins were identified both by mass spectrometry and immunoblot 
analysis using specific antibodies. Ten bands, excised from allyl PVA gel (Figure 1B, lane 4), 
were destained (in DS: 50% Acetonitrile, 5 mM NH 4 HCO 3 ), dehydrated in 100% 
acetonitrile and digested overnight at 37°C with 20 µ l of trypsin solution (0.01 mg/ml trypsin, 
5 mM NH 4 HCO 3 ). As shown in Table 2 various HMW proteins were identified, such as the 
inositol triphosphate receptor type 3 (ITPR3, Mw 304 KDa) or the alpha spectrin chain 
(SPTA1, Mw 280 KDa). Cystic fibrosis transmembrane conductors regulator CFTR, 
previously detected in red cells by functional test (immunoblot analysis with specific antibody 
and by combination of atomic force microscopy with quantum-dot labeled CFTR antibodies) 
was also found [24-26]). 
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Palladin, an interesting and still partially unknown protein in red cells, involved in organization 
of actin based cytoskeleton structure [27-29], was highlighted by running electrophoresis with 
this new separation matrix. Furthermore one protein containing the armadillo repeat domain 
(ARMC4) was identified. The interaction between ARMC4 and prolin-rich domain proteins 
promotes proteasomal-dependent degradation of cytoskeletal components in other cell types 
[30, 31]. For example, α -spectrin, a component of cytoskeleton contained in red cells, has a 
proline-rich domain that might interact with proteins containing the ARCM4, possibly 
participating in ubiquitination processes. Since red cells survive long time in circulation 
without the possibility of new protein synthesis in response to different stress (such as 
oxidative or shear stress in microcirculation), the “ubiquitin/proteasome dependent” or the 
“ubiquitin/ proteasome independent” proteolysis might represent a very interesting and still 
unknown element in red cell homeostasis. Finally membrane associated protein such as Rab 
GTPase, recently described as partecipating in red cell membrane-cytoskeleton organization 
[32], were identified. 
In a second time, the transfer of proteins, separated in allyl PVA gels to a nitrocellulose 
membrane for immunoblot analysis was investigated. Considering that spectrins represent 
25-30% of total red cell membrane proteins and are organized in tetramers and high order 
oligomers, β-spectrin was chosen as a model to carry out this study. Samples were run in the 
two gels using both, reducing and not reducing conditions, so to detect β-spectrin as 
monomers and high order oligomers; gels were both stained with Colloidal Coomassie 
(Figure 2A) and transferred to nitrocellulose membrane utilizing a buffer containing 5% 
methanol. As shown in Figure 2B , proteins were efficiently transferred to nitrocellulose 
membrane and detected by specific anti β-spectrin antibody. The results of Fig 1 and 2 
indicate that the porosity of the allyl PVA gel allows the identification of resolved HMW 
proteins by two different methodological approaches: mass spectrometry and immunoblot 
analysis. 
 
3.3 Separation of membrane proteins from red cells exposed to oxidative stress  
Since the oxidative damage plays an important role in shortening red cell survival in the 
peripheral circulation, normal red cells were exposed to diamide (20 mM in a buffer 
containing: 10 mM NaCl, 140 mM KCl, 1 mM MgCl2, 10 mM glucose, 2.5 mM K-phosphate), 
a cysteine specific thiol oxidizer [12]. As shown in Figure 3, the resolution of diamide oxidized 
red cell membranes was limited in standard PA gels, while allyl PVA gels allowed a better 
separation of proteins located between 121 and 279 kDa (Figure 3 A and B). When the 
diamide oxidized red cell ghosts were solubilized in presence of the thiol-direct reagent N-
ethylmaleimide (NEM), an alkylating reagent that blocks cysteine residues in their oxidized or 
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reduced state, the quality of protein separation in allyl PVA gels compared to that obtained in  
standard PA  was further improved.  
3.4 Bi-dimensional electrophoresis 
Bi-dimensional analysis of red cell membrane proteins using commercial IPG strips (non-
linear pH range 3-10 or pH range 4-7, 4% T, 3% C) was carried out using either allyl PVA or 
PA gels in the second dimension (Figure 4). Starting from a protocol previously developed for 
2D electrophoresis of red cell membrane in PA gel (protocol A of Table 1) different other 
protocols were evaluated to improve HMW protein separation from red cell membrane [3, 
14]. As shown in Table 1, the combination of different detergents was tested based on the 
number of detectable spots in the 2D maps [17, 19-23] and protocol D4 was found to be the 
most efficient one (Table 1). Since the red cell membrane underwent through a delipidization 
step before 2DE analysis, we did not expect to observed the integral membrane protein band 
3 in the 2D maps of red cell membrane in agreement with a previous report by Candiano et 
al. [33]. The 2D maps obtained with allyl PVA allowed the resolution of reference protein as 
actin and showed well defined spots in the range from 97 to 240 kDa, while the PA 2D map 
showed only smears and unresolved spots (pH 3-10 strips, Figure 4A), The differences in the 
2D maps were not related to the separation in the first dimension but to improvement of 
second dimension by PVA matrix. We then re-examined PVA matrix in bidimensional 
analysis of red cell membrane proteins using commercial IPG strips with shorter pH range 
(pH 4-7) (Figure 4B). An image analysis of both gel PVA  and  PAA gels allowed us to detect 
(i) 6 spots with molecular weight higher than 240 kDa in allyl PVA while no detectable spots 
were present in the conventional PA; (ii) 70 spots in in the new matrix compared to 26 in the 
control gels with proteins ranging from 160 to 240 kDa and (iii) 12 spots compared to 9 spots 
in the molecular weight range between 97 and 160 kDa (Figure 4). The proteins ranged 
between 160 and 240 kDa were better focused in PVA than in PAA gels. The 3D view of the  
selected area in the 2D maps(Figure 4 A and B) shows that allyl PVA improved the quality of 
second dimension allowing detection of a larger number of spots compared to conventional 
gels.In addition, PVA 2DE required the same working time of PA 2DE and PVA was more 
easy to handle than other matrix for HMW analysis such as agarose and agarose related 
polymers in 2DE.  
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4. CONCLUSIVE REMARKS 
A new mixed bed gel matrix obtained by copolymerizing acrylamide and bisacrylamide with 
polyvinyl alcohol chemically modified by reaction with allyl glycidyl ether was used as sieving 
matrix in SDS gel electrophoresis. It has been demonstrated that the allyl PVA containing  
gel is easy to handle for both mono and bi-dimensional gel electrophoresis and is fully 
compatible with protein identification by mass spectrometry and immunoblot- analysis with 
specific antibodies. It’ is also more efficient in HMW protein separation of red cells exposed 
to oxidative stress than standard PA matrix, suggesting its possible use in studying 
pathological red cells or other cell types characterized by oxidative damage.  
Detergent selection for the analysis of HMW proteins from red cell membrane was carried 
out on empirical trial based strategy and indicates 6-Cyclohexylhexyl β-D-maltoside as the 
most efficient detergent in extraction of HMW proteins from red cell membrane. In 
conclusion, allyl PVA gels represent an excellent for the characterization and identification of 
HMW proteins from complex mixture of proteins such those from cell system(s). 
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FIGURE LEGENDS 
Figure 1. A. allyl PVA synthesis Schematic representation of Allyl-PVA synthesis. B. 
Analysis of red cell membrane proteins by 1DE in PA and allyl PVA gels. Left panel: 75 
μg of red cell membrane proteins were solubilized in standard sample buffer (see section 2.4 
for buffer composition) and separated in PAA gel (7%T-2.6% C), M: high molecular weight 
commercial marker (HiMark™ unstained protein standard, Invitrogen). Right panel: 75 μg of 
red cell membrane proteins were solubilized with Triton X-100 and Cymal-6 in addition to 
standard sample buffer and separated in allyl PVA gel (1% PVA-7% T-0.5% C). The gels 
were stained with Colloidal Coomassie to evaluate protein separation and analysed by image 
analysis software (Quantity One, BIO-RAD, Hercules, CA, USA). The selected bands for 
spectrometric analysis are indicated by numbers from 1 to 10. C. Histogram of the resolved 
bands from PAA and PVA gels run as shown in Figure 1B. Data are shown as means ± 
SD (n=3). We considered gel areas corresponding to three molecular weight ranges: > 240 
kDa, 160-240 KDa,  97-160 KDa. 
 
Figure 2. Immunoblot analysis with specific anti-beta spectrin antibody of red cell 
membrane proteins separated in PVA gel. Twin allyl PVA gels (1% PVA, 7% T, 0.5% C) 
gels were run 5h at 20 mA): one was stained with Colloidal Coomassie (left panel) and the 
other transferred to a nitrocellulose membrane for immunoblot analysis (right panel). The red 
cell membrane ghosts (75 μg) were solubilized with 1% Triton X-100 and 1% Cymal-6 added 
to the standard sample buffer (see also section 2.4 and Figure 1B right panel) in presence 
(lane 1) or absence of β-mercaptoethanol (lane 2), M: high molecular weight commercial 
marker (HiMark™ pre-stained protein standard, Invitrogen). 
 
Figure 3. Analysis of diamide oxidized red cell membrane proteins by 1DE. Red cells 
were incubated with diamide (20 mM) in a buffer containing: 10 mM NaCl, 140 mM KCl, 1 
mM MgCl 2 , 10 mM glucose, 2.5 mM K 2 HPO 4, 20 min at 37° in a shaking waterbath [10]. 
The oxidized red cells were then washed several times with choline washing solution and red 
cell membrane ghost were prepared as detailed in Materials and Methods (Paragraph 2.4)  
with and without N-ethylmaleimide (NEM, 100 mM). Red cell membrane (35 μg) were 
solubilized with  standard sample buffer containing  1% v/v Triton X-100 and 1%  Cymal-6. 
 
Figure 4. 2DE gel images of red cell membrane protein solubilized following protocol 
D4 (see Table 1). Red cell membrane proteins were separated in PA gels  or PVA gels using 
either 1000 μg in non-linear pH 3-10 strips (13 cm gels) (A) or 600 μg in pH 4-7 strips (7 cm 
gels) (B); the first and second dimension were run in parallel in PVA and PA gels. Silver (A) 
and colloidal Coomassie (B) stained gels underwent to image analysis as described in point 
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2.6. The insets show the 3D reconstruction of representative gel areas from both PAA and 
PVA gels (2D-Platinum software, Amersham-Bioscience). 
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